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1. INTRODUCTION 


1.1 SCOPE 


This General Information Manual is an introduction to the 
Circuit Board Design System (CBDS). The manual provides an 
overview of CBDS for management, application programmers, 
and terminal users. 
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Figure 1. Circuit Board Design System 


CBDS is a software system that supports all phases of the 
printed circuit board (PCB) design process. As shown in 
Figure 1, CBDS has two major elements: the Circuit Pack 
System (CPS), and the Design Verification System (DVS). 
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The Circuit Pack System (IUP 5796-PRP) is used for the cre- 
ation of the schematic diagram, the design of the physicai 
layout, the generation of manufacturing data and component 
definition and modification. CPS features an integrated 
design file data base and prevides capabilities for both 
interactive graphics and automatic operating modes. 

The Design Verification System (IUP 5796-PRL) provides func- 
tions which can enhance the accuracy and completeness of the 
logic design through digital logic simulation. DVS can also 
provide test patterns to be used with automatic test equip- 
ment. | 


1.2 ENVIRONMENT 


1.2.1 HARDWARE 
CBDS software is designed to run on the’ following IBM com- 
puters: 3 
ProcesSSor: IBM 4331 Model Kll 
or 370/148 Model K 
or IBM 3031 


Also required are: 


2 — 3310 Model 2 Direct Access Storage Devices (or equiv- 
alent | | 


1 9-track Tape Drive (800 bpi option may be required for 
plotting) 


1 + 3277 Model 2 Display Station (with program functions 
keys : , 


1 IBM 3277 GA Graphics Attachment RPQ 7H0284 (this includes 
the joystick attachment) 


1 Storage Display Monitor (such as Tektronix* 618) 

1 IBM 3274 Display Control Unit Model D21 with RPQ 7H0289 

1 IBM 3262 Model 1 Line Printer (or equivalent) 

1 IBM 3278 Model 2 Display Station 

* Registered pradsnark of Tektronix Corporation. 

The IUPs are designed to operate with the minimum configura- 


tion. To take full advantage of the capabilities of the 
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product a:dditional work-stations, direct access storage 
devices, memory, or CPU power may be desirable. A piotter 
is recommended for hard-copy output such as_ schematics and 
artwork check-plots. 


1.2.2 SOFTWARE 


This IUP is coded in the languages: 
® FORTRAN H Extended 
e IBM Assembler 


It was designed and tested in the following VM/370 CMS sys- 
tem environment. 


® VM/370 Release 6 with BSEPP 
@ VM/SP Release 1 


The following components are required for the Circuit Board 
Design System IUP's operation: 


1. FORTRAN IV (5734-LM3) 


Optionally, the FORTRAN H Extended and Enhanced MOD II 
Library (5796-PKR) may be added. 


2. IBM 3277 Graphics Attachment Support Programming for 
PRPQ P09013 (5799-AXxX). 


The basic user's workstation is illustrated in Figure 2. At 
this dual-screen interactive graphics workstation, the user 
is able to: 

e capture a schematic design 


_e Simulate digital logic for design verification and test 
generation 


e perform PCB layout 
e create data for manufacturing purposes 


@ store the completed design for subsequent revisions or 
for reference. 
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Figure 2. Workstation Configuration 
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1.3 CBDS FEATURES 


CBDS is a comprehensive Computer-Aided Design/ 
Computer-Aided Manufacture (CAD/CAM) system which can sup- 
port top management objectives with specific benefits: 


Management Objectives CBDS Can Provide 
e Cost Reduction e Improved productivity 
® Product Quality e Reduced design errors and 


resultant engineering changes 
e Reduced Design 
Cycle Time e Faster turnaround on new 
designs and revisions 
e Increased Control 
e Fewer hardware prototypes 


e Increased peak load capacity 
® Improved design level controls 
e Design standardization 


e Consistent and automated 
documentation 


e Ability to handle more 
complex designs 


e Automated manufacturing data 


Automated PCB design is becoming more common in the elec- 
tronic engineering community as automated PCB design systems 
become increasingly more cost effective. The sophistication 
and range of function in the Circuit Board Design System can 
be illustrated by some highlights of the system: 


Completely Integrated Function: 


_ all key applications are linked by common’ design 
files providing enhanced data integrity 


® Interactive Graphics: 
— when combined with an available storage display mon- 
itor, the IBM 3277 graphics attachment display sta- 


tion provides a dual-screen interactive graphic work 
station 


1. INTRODUCTION 5 


6 


— design functions, such as schematic entry, component 
placement, and printed wire routing, can be done in 
real time and viewed immediately on the’ graphics 
display | 


Powerful Automatic Design Tools: 


— automatic component placement, and printed wire 
routing functions are completely integrated into the 
application to provide online deSign capability in 
concert with the interactive graphics features 


Centralized Component Data Management: 


— all physical and electronic component data and asso- 
ciated symbols are centrally created and controlled 
a starter component data base is provided containing 
a large number of commonly-used components 

Physical Design Flexibility: 


_~ physical board characteristics such as size and num- 
ber of layers can be conveniently specified 


_ digital, analog, or a mixture of layouts are fully 
supported 


Integrated Logic Design Analysis Tools: 


— online digital simulation for early design modeling 
is provided 


— functional test patterns for digital designs can be 
interactively specified and automatically evaluated 


Design Validation Functions: 


_ connectivity is verified dynamically during schemat- 
ic and physical layout 


— unconnected circuitry is brought to the designer's 
attention 


_ completed layouts are checked to ensure that no man- 
ufacturing tolerances have been violated 


— the schematic can be automatié¢ally back-annotated 


with the PCB layout data to ensure that the schemat- 
ic consistently reflects the physical layout. 
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1.4 RELATED DOCUMENTS 


Table 1 lists the available CBDS documentation according to 
the function of each document. 


Table 1: CBDS Documentation 


Contents 


System overview 


Terminal operation, 


basic procedures for 
schematic and PCB 
layout, 
manufacturing data 
generation and 
component data base 
administration. 


Logic and fault 
Simulation 


Detailed function 
descriptions for: 


Schematic generation 
PCB layout 


Manufacturing data 
generation 


CDB administration 


Logic and fault 
Simulation 


Installation 
instructions and 
application 
programmers' 
interface 
descriptions 


Title 


CBDS General Information 


Manual (G320-9175) 


Circuit Pack System Application Manual 
(SH20-2699) 


Design Verification System Application 
Manual (SH20-2758) 


Schematic Layout Subsystem Terminal 
User Guide (SH20-2754) 


Physical Layout Subsystem Terminal 
User Guide (SH20-2755) 


Manufacturing Data Generation Subsystem. 
Terminal User Guide (SH20-2756) 


Component Data Base Subsystem Terminal 
User Guide (SH20-2757) 


Desian Verification “* Terminal 
User Guide (SH20-2751 
CPS Program Description and 


Operation Manual (SH20-2698) 


DVS Program Description and 
Operation Manual (SH20-2700) 
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2. SYSTEM OVERVIEW 


2.1 INTRODUCTION 


Figure 3 shows the basic inter-~relationships between. the 
systems of CBDS. The Circuit Pack System is used to produce 
PCB designs, each of which is documented in the form of a 
design file. The design file of a PCB holds all the infor- 
mation related toc that design; the schematic layout, the PCB 
layout, and the manufacturing data for PCB production. Rel- 
evant portions cf the design files are used in the Design 
Verification System to verify logic design and to generate 
test data. 


Circuit Pack 
System (CPS) 


Design 
Verification 
System 
(DVS) 


Figure 3. CBDS Systems 
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Figure 4. PCB Design with CBDS 
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2.2 PCB DESIGN PROCESS 


The major objectives in the design of a PCB are to create a 
schematic of the logic design, to develop a_ board layout, 
and to generate manufacturing information for the board. 
Other objectives may be to verify the logic design and gen- 
erate test data for the PCB, and to store the completed 
design. Figure 4 illustrates the basic stages in the proc- 
ess of creating a PCB design with CBDS. 


The logic designer's sketch initiates the process. Using 
interactive graphics and the schematic layout capability, a 
user quickly and and accurately converts the sketch into a 
precise logic schematic on the graphics display. The cap- 
tured sketch can be plotted for hard-copy reference, 
re-edited for engineering changes or converted into an ini- 
tial design file suitable for the next design phase, 
physical layout. 


The physical layout capability permits the user to assign 
logic gates to physical components retrieved from the compo- 
nent data base, place the components on the circuit board, 
and generate error-free wire routing. Either interactive 
graphics functions or automatic facilities can be utilized. 
The physicai layout phase has been developed to provide a 
continuous and organized operator interface, in which design 
rule checking 1S an integral feature. 


The schematic can be compared for inconsistencies to. the 
physical design at its completion, in case logic design 
changes have been made during physical layout. Revisions 
can be interactively incorporated in the schematic if 
required at this stage. The now complete design file is 
ready for manufacturing data generation. A set of interac- 
tive functions are employed by the user to generate an 
appropriate file suitable for photoplotting, files suitable 
for hard-copy plots, reference listings, and numeric control 
Grill tapes. 


The Design Verification System is an optional capability. A 
logic designer uses the Design Verification System to evalu- 
ate the logic design. Digital logic simulation and test 
generation tools can be interactively controlled at the work 
station to set up large design problems. Simulations can be 
completed either interactively or as batch jobs, and the 
results inspected interactively. 
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3. SYSTEM DESCRIPTIONS 


3.1 CIRCUIT PACK SYSTEM 
3.1.1 INTRODUCTION 


Purpose 


The Circuit Pack System (CPS) cortains four major 
subsystems, each of which is used to control one aspect of 
PCB design and production; the Schematic Layout subsystem, 
the Physical Layout subsystem, the Manufacturing Data Gener- 
ation subsystem, and the Component Data Base. 


The Schematic Layout subsystem (LOKI) allows the user at a 
graphics terminal to capture schematic data, edit existing 
schematics, plot schematics, and correlate the schematic 
with its corresponding PCB. 


The Physical Layout subsystem (SPRIG) uses information from 
the Circuit schematic as an input and provides 
user-controlled procedures for assigning logic gate symbols 
to physical components, placing components on the circuit 
board, and routing the corresponding connections between the 
various components. Facilities for verification of com- 
pleted layouts are also available within SPRIG. 


The Manufacturing Data Generation subsystem (FABRIC) gener- 
ates manufacturing information from the completed board lay- 
out. This information includes a bill-of-materials, data 
for photoplotter transparencies for masks and silkscreening, 
automatic insertion data, and a numeric-control drill tape. 


The Component Data Base subsystem (CDB) is the source of all 
the components and symbols used during the design of a PCB. 
The CDB provides graphics symbols and component data _ for 
schematic layout, physical layout, and the generation of 
manufacturing data. The CDB subsystem contains functions to 
enable the management of component data. 
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Figure 5. PCB Design in CFS 


14 CBDS General Information Manual 


Functions 


Figure 5 illustrates the overall flow of information and 
design activity in PCB design using CPS. 


The initial design is captured and edited through LOKI, 
accessing the symbol libraries of the CDB for the graphics 
symbols. The design may be plotted and edited any number of 
times, and the resulting schematic is then recorded ina 
design file. The design file from LOKI provides the initial 
design and connectivity information for SPRIG. Through 
SPRIG, the processes of gate assignment, component 
placement, printed wire routing, and verification are car- 
ried out, using component data from the CDB. 


Once the final board layout has been achieved using SPRIG, 
it is recorded inthe design file. The design file is 
re-submitted to LOKI to add layout information from SPRIG to 
the schematic, as well as to record any design changes made 
while using SPRIG. Once this back-annotation process has 
been performed, the LOKI and SPRIG design files are merged 
using the DFMERGE facility of CPS. The resulting design 
file becomes the input to FABRIC, which produces manufactur- 
ing information for the PCB: a bill of materials, data for 
photoplotter layout and solder resist masks and silkscreens, 
a numeric-control drill tape, auto-insertion data, a hole 
and land data base, a pack usage and spare circuit report, 
and from/to lists sorted by signal and by component. 


3. SYSTEM DESCRIPTIONS 15 


Purpose 


The Schematic Layout System (LOKI) is used to create and 
edit schematic drawings. A design may contain up to 30 
Schematic sheets, and the size and format of the sheets are 
defined by the user. Figure 6 shows a typical sheet border. 


Functions — 


LOKI provides sets of functions that allow the user to con- 
trel the design process. To use any of these functions, the 
user Simply selects the required one from the list (or 
'‘menu') provided on the terminal screen, | 


a 


Figure 6. Typical LOKI Sheet Border 
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The user can call up symbols from the CDB, and position them 
within the schematic sheet border. Schematic symbols can be 
Specified at both gate and component levels, as_ shown in 
Figure 7. 


Once the symbols are positioned, the user may add text te 
the symbols (signal names, symbol designators, etc.), and 
may apply comment text and graphics, such as tables, wherev- 
er required. Component designators may be automatically 
Supplied by the system, or may be placed interactively by 
the designer. 


DRAW ING: OORTR WEETs1 
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Figure 7. LOKI Schematic Symbols 
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At any time during the design process, the user may alter 
the position of schematic elements. LOKI provides functions 
that move gates or groups of elements, and functions that 
copy groups within the schematic to speed up the entry proc- 
ess. In Figure 8, the window shown by dashed lines has been 
copied onto the bottom third of the sheet. LOKI enables the 
user to design commonly used portions of individual sche- 
matics once, and to retrieve that schematic data asa unit 
for inclusion in the schematic currently being designed. 


The user may connect symbols logically and graphically using 
interactive connection functions, or LOKI's automatic 
router. With either interactive or automatic facility, sig- 
nal bussing is employed to make schematic diagrams more 
readable (as illustrated by Figure 9). LOKI automatically 
performs connectivity checking, as shown in Figure 10, to 
ensure a consistent, complete schematic. © | 
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Figure 8. Schematic Move and Copy Facilities 
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Figure 9. 
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Throughout the process of creating a schematic with LOKI, a 
set of display functions is available to provide controi of 
the terminal screen. For example, the user may specify the 
Size of the display elements by magnifyina a portion of the 
schematic. Figure 11 illustrates this facility. The user 
can also control the type of data to be visible (e.g., sym- 
bols, lines, text, etc.). | 


Figure ll. Display Functions 
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The display features of size and visible elements can also 
be specified for the plotting facility, which enables the 
user to produce hard-copy schematic drawings on a plotter. 


After a design has been completed and the PCB layout devel- 
oped with SPRIG, LOKI's back-annotation facility is used to 
produce an accurate and current schematic with component and 
board location data. (Refer to Figure 12.) Any differences 
between the schematic and the physical povoue are brought to 
the user's attention. 
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Figure 12. LOKI Back-annotation 
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3.1.3 PHYSICAL LAYOUT 


Purpose 


The Physical —e system (SPRIG) is used to perform PCB 
layout design. 


Functions 


SPRIG provides both automatic and interactive functions to 
perform: 


® assignment of gates to components 

e component placement 

® printed wire routing 

® validation of PCB layout against design rules. 


The automatic functions are provided to offer substantial 
time- Saving to the designer. However, SPRIG also provides 
interactive functions to handle special cases and to provide 
editing capability. As in LOKI, the user selects automatic 
Or interactive functions from menus displayed on the termi- 
nal screen. 


Generally, the basic design information is provided to SPRIG 
in the form of a design file from LOKI. However, SPRIG pro- 
vides interactive functions that may be used to supply this 
information. Alternatively, for cases in which a manual 
layout has already been performed, SPRIG accepts input data 
from a digitizing table. 


In any case, the user may define the board size and shape 
(refer to Figure 13). Up to 16 layers can be specified for 
printed wire and voltage planes. Copper fill areas, board 
cutouts, and pad shapes are easily Specified. SPRIG enables 
the designer to streamline this process for cases in which 
many boards have common basic characteristics. When this 
Situation occurs, the information may be specified to SPRIG 
in the form of an input file, rather than by repetitive 
entry of data. | 7 


Once the basic board characteristics are defined, the auto- 


matic assignment facility may be used to allocate gates to 
circuit packs. — 
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3. 


Placed Components 


Figure 14. 


When a Suitable placement is achieved, the automatic opti- 
mization of gate and pin assignment is performed. Figure 15 
illustrates the logical connections among three components 
and a connector before and after optimization. - 
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Figure 15. Optimization 
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Routing of connecting wires may be performed interactively 
Or automatically. Interactive qraphic routing can be on- or 
off-grid, with both orthogonal and 45-degree wires, as shown 
in Figure 16. Track width and spacing may be specified for 
each signal. 


There are four automatic routers available to the user, 
which range from a very rapid router for symmetrical routing 
patterns to an exhaustive router for more complex boards. 
These routers can be controlled by the designer, who may 
specify the routing window, time to be spent on each con- 
nection, signals to be routed first, etc. 
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Figure 16.: Printed Wire Routing 
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When wire routing is completed, it may be automatically 
tiedied to increase board reliability and manufacturability 
through via minimization, cutting of track bends, and bank- 
ing around pins and vias. Figure 17 illustrates the same > 
board shown in Figure 16 after the tidying facility has been 
used. : 7 


AS in LOKI, the display screen is under the control of the 
user throughout the operation, so that the designer can spe- 
cify the display window and the visible elements. A special 
feature of SPRIG enables the user to display logical con- 
nections that are not yet routed (as in Figure 15). 


The completed physical design is used to update the schemat- 
ic with gate and pin assignments, and component and board 
location data. 
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‘Figure 17. Tidied PCB Layout 
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3.1.4 MANUFACTURING DATA GENERATION 


Purpose 


The Manufacturing Data Generation system (FABRIC) provides 
files, tapes, and hard-copy output used to manufacture the 
PCB e 


Functions 


FABRIC includes a function set that enables the user to cre- 
ates 


® a bill of materials 


e photoplotter data for circuit layout masks and solder 
resist masks | 


@ photoplotter data for silkscreen layouts or assembly 
drawings 


@ numeric control (NC) drill tape data 

e a hole and land data table 

® automatic component insertion data 

@ a pack usage report and a spare circuit report 
@ from/to lists by signal and by component. 


Each FABRIC function automatically creates a file which con- 
tains the appropriate data for the document to be produced. 
Once the fiie has been generated, the FABRIC user directs it 
to appropriate device (photoplotter, plotter, paper tape 
punch, or printer) to generate the output. The layout mask, 
solder mask, and silkscreen layout files are sent to the 
photoplotter for the production of transparencies. Layout 
data for the assembly drawings is directed to the plotter, 
and the reports are sent to the printer. When the user has 
created these files, the data may be examined at the work- 
station. 
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The bill of materials report 
sis of all 


fies each 


component 


(A sample bill 
This report is 


used to 


provide the basis for 
cost projections, availability and 


code, 
and the quantity required 
of materials is shown in 


provides a quantitative analy- 
the components on the PCB. 
by product 
product description and supplier, 
of each component. 
Figure i8.) 
manufacturing, and can 

tional reports, such as: 


This report identi- 
and provides’ the 


select components for 


various addi- 


scheduling, automation of order processing. 
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Figure 18. 
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1 1.0KY 
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1 64C-PIE 
2 7418245 
1 74S04 

4 748181 
1 74S241 
1 74837 

3 745374 
2 74885 

1 7407 


1 7432 


FABRIC Bill of 


GENERATED 
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CESCKIPTION 


CAP CEB 0.10F 5OV 10% 
C1, C10, C11, C12, C5, C6, 
c7, c8&, C9 


RES 1 KCHN 1/48 2% 
R1 Zl 


IC RAB 1K X 4 HOS 200NS 
03, U4, U5, U6 
P1 


IC OCTAL BUS XCVR 3S 
01, U2 


Ic HEX INVEBTER 
us 


Ic 4-BIT ALO 
U9, 010, UIT, O12 


IC OC? BUFFER 3-STATE 
013 

IC QUAD 2-1N WAND BOUPPER 
u14 

IC OC2 3-STATE FLIP-FLOP 


018, 019, 020 


Ic 4-BIT CCHPARATOR 
015, 016 


IC BEX BUFFER OC HY 


IC QUAD z-IN CR 
U7 
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A similar function is used to create plotter data for solder 
resist transparencies, such as the sample in Figure 26. 
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Figure 20. Solder Resist Mask 
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To create a silkscreen component layout or an assembly draw- 
ing, the user generates a FABRIC file that contains compo- 
nent outlines and codes, polarity indicators, and optional 
identifying artwork. (Refer to Figure 21.) When a silk- 
Screen transparency is required, the file is processed by 
the selected photoplotter; when an assembly drawing is to be 
‘generated, the user directs the file to the plotter, using 
the CPS plotter utilities. 
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Figure 21. Silkscreen/Assembly Data 
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If overlapping of information occurs on silkscreen data, 
FABRIC's editing facility is available to ccrrect the prob- 
lem. In editing mode, the user is able to display the file 
and use interactive graphics to make modifications (such as 
moving lines or text). Figure 22 illustrates the graphics 
screen during the process of moving some overlapping text; 
the text, Rl, has been positioned, and its original location 
indicated by a rectangle. 


O 


O 
= 
a 
O 
> 
WD) 
> 
W 
oO 


O 


O 


OOO00C0O0O 
6 P 


axe 
OO00000n 


OOO0O0O0O0OH 
ODOOOO00O 
CA ———=0- O°? N 

OOCOO00O0 


OOOOOCOONO 
O | | 


AJ 
[> 


Figure 22. FABRIC Editing Mode 
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The NC drill file created with FABRIC is sent to a paper 
tape punch. The resulting tape 1S used to program a numer- 
ically-controlled drill machine with the positions and diam- 
eters of all holes to be drilled in the board. 
Alternatively, a photoplotter mask of hole locations on the 
board may be produced. (Figure 23 illustrates a sample 
drill mask.) This information can also be generated for 
production use in the form of the hole and land data table. 
This report, as shown in the sample in Figure 24, provides 
the x and vy coordinate positions of each hole to be drilled 
and the land (pad) size. | 
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Figure 23. NC Drill Mask 
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PLOY DATHs 27M aAYuz 


HOLE AND LaANo DATA TA ELE PLOT ISS : 
Sere eee essen stem anaes esos ee Seem en meow ences ae BABRDY 
HOL: = 3.03% CIA LAND = 0.060 DIA 
Ris k Y PEF Xx Y RTF x Y REF x Y RUP xX Y 
360 «-=1.000 2.706 57 =-1.000 4.200 58 -0.400 2.700 59 =-0.400 4.200 60 -0.409 5.700 
61 -Ue40) 7.200 


HOLE = v.ddd DIA LAND = 0.060 X 0.032 CVAL 
REE ‘ Y atk Kk Y BEF X Y RSF Xx Y REP X Y 
1 -7.490 8.400 2 77.300 3.2490 3. -7.200 8.400 4 =-7.100 8.400 5 -7.000 8.400 
8 7b. 900 8.400 7 -6.590 8.490 B 6.700 8.400 9 -5.050 8.100 10 =-5.050 8.400 
11 -4.909 32100 12 74.900 3.400 13° -4.750 6.100 1H «4. 759 8.400 15 -4.600 8.100 
lo -4.600 R400 17) 4.459 8.190 18 =4.450 8.400 19 -4.309 8.100 20 <-4. 300 8.400 
et 24.150 8.10 2Z 74.159 3.400 23° 74.000 3.109 24 -4.000 8.400 25 -3.850 §.100 
2u 73.9850 8.400 27) -3.700 8.100 28 =-3.700 8.409 29 =-3.550 8.100 30 -3.550 8.400 
31 -3.400 3.100 32 3.400 8.490 33 --3.250 8.100 34 -3.250 8.400 35-3. 100 8.100 
36 -3.190 8.40C 37) -2.359 8.100 28 -2.950 3.490 39 =-2.800 8.100 40 -2.800 8.400 
41 -2.65)0 8.10¢ #2 -2.650 8.400 43 -2.500 8.109 44H =2.500 8.400 45 -2.350 8.100 
40 -2.350 8.400 47 =-2.209 8.100 48 -2.200 8.409 49 = -=2.050 8.100 50 -2.050 8.400 
51 -1.900 3.100 52 -1.990 8.400 53 -1.750 8.100 58 =-1.750 8.400 55 -1.600 8. 100 
So =1.690 8.40 
HOLE = 3.043 EIa LAND = 0.112 X 9.087 OVAL 
REF X Y vEF a Y PEF Xx Y REF Xx Y &SP X Y 
1 8.209 7.506 Z 73.2006 7.700 3 -8.200 7.909 4 -7,600 7.590 5 -7.600 7.700 
o -7.609 7.900 7 -7.900 72500 8 -7.090 7.799 9 -6.400 7.500 10 -6.400 7.700 


Figure 24. Hole and Land Data Table 
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< 


The automatic insertion report lists the position of each 
component on the board, providing the data required to pro- 
gram an automatic insertion machine. Figure 25 illustrates 
a sample report. 


DATE: 27NAYB2 


BIWE P.C.8. FNGINEERING CODE: ABC 
INSERTION REPORT TSSUP: 99 
FOR Ic 

CoseP CPe ING DESChIPTICN come LENGTH WIDTH WIRE NUM PHS SPAN CR x Y Ins INS 
D28516 CCN: CCDE VALUES /UIAMN DIAM PIN COORD COORD DEPTH Cor 
U1 If 4-TO-16 CECODER QS74LISHP5 1300 550 18 28 39 00 4000 4500 0 

U2 IZ w-TC-16 CECODER OMN7T4L154P5 1300 550 18 24 39 0 0 4900 4500 0 

U3 IC Quad 2-IN 3R Q474LS32P5 770 260 18 #14 39 00 5900 4200 0 # 
U4 IC GUAD 2-IN CE QN74LS 32P5 779 260 18 #14 39 00 3400 4200 0 «(6 
U5 IC CUAD 2-IN Ok QM74LS32P5 770 260 18 «14 39 00 34090 5700 0 * 
Uo IC QUAD 2-IN CR QS74LS32P5 770 260 18 #14 39 00 4600 1200 Oo 6 (¢ 
u7 To 2-2 AOL / 3-3 AOI QM74LS5S1P5 770 260 18 #14 39 0 0 7600 4200 0 ¢ 
Ub if 2-2 AQT ~ 3-3 AOL QNT4LS5S1P5 770 260 1a #1 39 00 7000 5700 0 ¢ 
UY Ic 2-2 ACI ~ 3-3 AOI OM74LS51P5 770 260 18 #14 39 00 5200 1200 0 6 
U10. Ic 2-2 AOZ ¥ 3-3 AOL QS74LS51P5 770 260 18 #148 39 00 6400 5700 0 ¢ 
uli IC 2-2 ACI ¥ 3-3 AOL QM74LS51P5 770 260 18 «14 39 00 7600 2700 Oo *# 
Utz tC 2~Z ACI y~ 3-3 AOZ C874LS51P5 770 260 18 #14 39 00 5209 2700 0. 6h6 
u13 le 2-2? ACI ~ 43-3 AOI QM7T4LS51P5 770 260 18 #14 39 00 7600 1200 0 + 
uly 1c 2-2 ACI ¥ 3-3 AOI QM74LS51P5 770 260 18 14 39 00 8200 1200 0 * 
U15 IC @-2 ACI ~ 3-3 AOL Qu7SLS51P5 770 260 18 #14 39 00 7600 §700 0 
Ul6 TC c-2 AQI y 3-3 ACI ONT4LS5S1P5 770 260 18 14 39 00 8200 5700 Oo ¢ 
v17 Ic 2-2 ACI y 3-3 ADI QN74LS51P5 779 260 18 «#14 39 00 1000 2700 0 * 
Ulo TC 2-2 ACT ~ 3-3 AOI OM74LS51P5 770 260 18 #14 39 00 6409 2700 Oo *# 
uly Ic 2-é \Ci y~ 3-3 ACL ONT4LS51P5 779 260 18 «#614 39 00 6400 4200 0 «# 
U26 Ic 2-2 Aci y 3-3 AOL QN74LS51P5 770 260 18 14 39 00 7000 4200 oO 6 
Gal Iq 2-2 ACI 7 9-3 AOL QN74LS51P5 770 260 18 #14 39 00 5800 7200 Oo * 
U22 Ic 2-2 avI Y 2-3 AOL OM74LS51e5 7170 260 16° «#14 39 00 2800 1200 0 *® 
U23 ID yUAD 2-IN NOK OQM7T4LSO02P5 770 260 18 #14 39 00 1000 1200 0 (* 
U24 Ic QUAD 2-IN NOK OM 74LSO2P5 770 260 18 «#614 39 0 0 4600 2700 Oo ¢ 
U25 TC QNAD 2-IN “OF QN74LSO02P5 770 260 18° «14 39 00 4600 5700 0 * 
UZo 1C GUAD Z-IN NOn QIMT4LSO2P5 770 260 18 «#414 39 00 3400 2700 0 * 
U27 iC Y-3IT SHIFT ktGISiSP QOMN74LS194D4 870 260 186 16 39 00 7000 1200 0 * 
U2¢ IC 4-3IT SHIFT 8SGiSTEF OM74LS1I94DY4 3870 260 18 16 39 00 8200 4200 Qo. * 
U29 10 G-BIT SHIFS FIGISIFR OM74LS194D4 370 260 18 16 39 00 2800 4200 0 6 
U 30 TQ U-31IT SHIFT REGISTER OM7T4LSTI94DY 370 260 18 16 39 9 0 2200 1200 0 6 
Us -° Y-BIT SHIST bKEGISLER Q874LS194D4 879 260 18 16 39 00 2200 %200 0 ® 
U3< Il 4-31T SHIFT KIGISLER OM7T4ULS194D4 870 260 18 16 39 00 8000 2700 0 = (* 
U33 27 4-BIT SHIFT PFGIS1EF OMT4LS1948D4 870 260 18 16 39 00 4000 7200 0 * 
U34 4C Y-B3IT SHIFT REGISTER QM74LS194D4 870 260 18 16 39 0 0 1600 7200 0 * 
U3d zo 4Y<BIT ShIFT REGISTER QM74LS194D4 470 260 18 16 39 00 1609 5700 0.6 
U3o 1C P-21T FARFALLEL SH REG 2874LS165D1 870 260 18 16 39 00 7600 7200 0 * 
U3? POUPREAMTI A TC D CCNVERTER 970 260 18 18 39 90 7000 7200 0 
U36 Ic C2 AMPLIFIER Qm308D1 400 260 18 8 39 0 0 8200 6800 0 
U3» aC MEX INVERTER QM74LSO04P5S 770 260 18 «14 39 0 0 400 4% 200 0 *® 
U4d 1D HEY INVERTER IM 74HLSOUPS 770 260 18 14 39 00 4000 5700 0 ® 
Us1 ic Hia INVERTER IS7T4LSONPS 770 260 18 14 39 00 400 2700 0 
Uwe 1c #2K INVERTER QM 74LSOUPS 770 260 18 «#614 39 00 5800 2700 0 nd 
U43 tC TRIPLE J-IN NOK QM7T4LS2725 770 260 18 «14 39 00 2200 2700 an 
Used 1¢ QUAD 2-IN NAND OM 74LSO0P5 | 770 260 18 #18 39 00 2200 5700 QO «* 
usd 2C QUAD 2-IN SAND QM74LS00P5 770 260 18 4 39 00 400 7200 0 * 
Udo IC QUAD 2-IN NAND QOM74LSO00P5 770 260 18 #14 39 00 3400 7200 0 6 
U47 17 YUAD 2-IN NAND GN 74HLSOOPS 770 260 18 14 39 00 400 5700 Qo 6 «(6* 
J44 1G yJAD FLIF-8LO?> wItH CL QM74LS175P5 870 260 18 16 39 00 1690 2700 Oo *¢ 

Sad 
Usy LO QUAD FLIP-FLOP wITH CL 2874LS175P5 370 260 18 16 39 00 3400 1200 0 * 
PAGE: 2 


Figure 25. Automatic Insertion Report 


The component uSage report and spare circuit report provide 
a listing of all components used in the PCB design, and a 
summary of spare gates, respectively. (Figure 26 provides 
an example of each type of report.) These reports are use- 
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ful for verifying the layout, and may suggest | chances for 
reduction or substitution of components. GH SP, 


| | | : 
@EPOBT CATE: . ao1aE vere 
24auGd2— SAREPLOUT 
PacK aSAG2 R@z8P0R8f 
DEVICE x Y CCBREONENT LCGIC SYSBOL LOGIC sreech Cr1acorr 
CESIGNATICY CCLE CESIGBATION WARE uoserR 
re -2.600 1.200 - 1UF ¢1 Cae 1 
cs -3.060 6.150 -10F cs cap 1 
c6 -0.40C 6.160 2 10F C6 CaP . 1 
a) 71.000 2.8£0 - 108 ca cae 1 
1 1.606 0.460 64C-PIR 1 cous 1 
BI -2.400 @.450 10CKY ai Res | 1 
01 -3.400 1.900 70L$285 $1 P2465 1 
u2 -4.80C 3.550 7418265 $2 P2406 1 
U3 “5.400 1.960 211092 | $10 T2118C | 1 
us -6.000 1.900 211802 $11 T2114¢ 1 
us 5.406 3.580 2114002 £12 T211NC 1 
So -¢.000 3.550 211402 $13 T2114C 1 
u? -1.600 1.960 7832 spaat OR2 1 
$18 ca2 1 
spas2 On2 3 
| s$pan3 ca2 4 
Ud -1.060 §-2C0 7es04 $16 Inv 1 
$18 Iuv z 
$15 Inv 3 
$9 Inv 4 
$19 Inv ‘ 
$17 Inv é 
pac: 1 
REPORT CATE: SOA8D RAGE: 
24AUGE2 SARELCOP 


SPARE CLlLeCOIe BEPORT 


LOGIC SYMBOL LOGIC SYm8CcL DEVICE CCBPCEEST SPARE 

CESIGBATICH WARE CESIGEATICH cook PIus 
SPAB1 CB2 a7 7832 1 2 3 
SPABZ Cha 07 7832 8 9 10 
SPa53 CR2 07 = 7832 11012 «13 
SPAb4 BABO2 O18 78$37 40642 =«949 
SEAGE BAUD2 G14 78$37 8 $ 10 
SPAHE bor 017 7807 10 11 
SFA&? EUF 017 7807 12 13 


Figure 26. Pack Usage/Spare Circuit Report 
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From/to lists, such as those shown in Figure 27, are auto- 
matically ordered both by signal and by component. 


PAGE 1 
sTRQRT CATES ROARD NAMSE: 
27TMAie2 BABRDY 


> EV.IC & Di SIGNATION 
EV STGNAL rHYSITAL LOEGICAL LCGIC SY™BOL LOGIC SYMBOL COMPONENT 
SESTGAATICS 2Ik PIN NAME DESIGNATICN CODE 

c1 $156 1 5 CAP C1 1.00PFD 

GNC 2 4 CAD C1 1.0UF9 
?1 ToHt- 1A 1A CCNN P1 CONUSPIN 
Ichia- 19 1B CONN Pt CONYBPIN 
TCud- 2a a ZONN P1 CONUSPIN 
ICcu5- 23 265 CONN P1 CONYAPIN 
Icho- 3A 3A CONN PI CONUBPIN 
ICHoe- 33 3B CONR P1 CONUBPIN 
PLOATA Ws 4A CONN Pi CONUSPIN 
ZML)- 45 42 CCNN P1 CON4SPIN 
Alcs 5A 5A CONN P1 CONYAPIN 
IcHo- 55 58 CCNN P1 CONGBPIN 
VALIC oA 6A CONN P1 CON4BPIN 
IMLo- 63 6B CONN P1 CON4SPIN 
7A 7A CONN Pt CONUSPIN 
INTOATA 78 7B COUN P1 CON4YSPIN 
BA BA CONN Pi CONNSPIN 
ISCto- 8a 8B CONN P1 CONNBPIN 
Imti- GA 9A CONN P1 CONYBPIN 
ITUSER 98 98 CONN Pi CON4YAPIN 
AccY 10A 10A CCNN Pi CONGBPIN 
#63 108 108 CONN Pt CONYSPIN 
fos 14 TTA CONN Pt CONYBPIN 
§O2Z 173 112 CONN Pl CONUBPIN 
12a 12A CONN P1 CONWBPIN 
ADI: 128 12B CONN Pt CONUSPIN 
13A 13A CONN Pt CONYBPIN 
Aco0 133 13B CONN PI CORN4BPIN 
ALUGSIe UA 14A CONN Pi CONSSPIN 
ZALCG- 148 14B CCRN P1 CONYSPIN 
154 15A CONN P! CONYBPIN 
ADL2 152 158 CONN Pt CONWSPIN 
GNL 16A 16A CONN P1 CONYBPIN 
5 16B 16B CONN P1 CONSBPIN 
17A 17A CONN PI CONUBPIN 
IBCo- 178 178 CONN P1 CONYB8PIN 
18A 18A CCNN P1 CONSSPIN 
IBol- 18B 188 CONN P1 CONNBPIN 
ISC2- 19A 19A CONN Pt CONUSPIN 
#65 19B 198 CONN Pt COR4SPIN 
IEC3- 204 20A CONN PI CONUBPIN 
SP 20B 20B CONN P1 CON4SPIN 
ALCGaATN 21A 21A CONN Pi CONUOBPIN 


Figure 27. From/To Lists 
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3.1.5 COMPONENT DATA BASE 


Purpose 


The Component Data Base (CDB) contains all the component and 
Symbol data required by the CPS user, and includes facili- 
ties that enable the user to control and update the data. 


A starter library of approximately 1500 commonly-used compo- 
nents 1S provided with the system. New components are easi- 
ly added. As shown in Figure 28, the symbol library 
contains both gate-level and component-level symbols. It 
also includes documentation-level symbols, such as7 sheet 
borders for schematics. The gate and circuit symbols are 
cross-mapped to the appropriate component descriptions in 
the data base, which include electrical and _ physical 
descriptions. 


: 
ai 


Figure 28. Component Data Base 


38 CBDS General Information Manual 


Functions 


The CDB has a flexible design that enables the user to 
structure it according to the requirements of the organiza- 
tion. The CDB is divided into a corporate data base and a 
project data base. Depending on the user's needs, the CDB 
may be further divided into project data bases and individ- 
val user data bases. Figure 29 illustrates a typical organ- 
ization's data base configuration. The corporate data base 
is generally controlled by a corporate Data Base Administra- 
tor, and contains a pool of standard approved components 
common to all the organization's projects. Project data 
bases, of which there may be any number, typically contain 
components that are additional to, or alternatives to, the 
corporate data base components. Individual CPS users may 
also require their own data base, for instance during an 
experimental design development. 


Component 
Data 


Component 
and 
Symbol 


Component 


Component 


Component 
Data 


Component 


sa Dats ee 
&) Symbol Symbol > 
Data Ce Data 


Symbol 
Data 


Figure 29. CDB Configuration 
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The CDB control facility provides the Data Base Administra 
tor with interactive functions that enable: 


® the development or modification of symbol and component 
data | ee 3 7 | 


e the control of data base access 
® version control for symbols and components 
e the production of reports for administrators or users. 


In addition to the interactive functions, the administrator 
can develop sets of functions. These sets can be stored for 
frequent automatic execution, eliminating the repetitive 
tasks of data base administration. 


The administrator can add new components to the data base, 
modify existing components, or 'retire' out-dated ones. The 

CDB provides functions that enable the administrator to view 
symbols on the graphics screen. As shown in Figure 30, spe- 
cial display techniques are used to identify each element of 
the component and the symbol. A Special feature of the LOKI 
System enables the user to develop a new symbol uSing inter- 
active graphics. Figure 31 illustrates a screen display _ 
during the process of creating symbol graphics. 


Data base access can be carefully controlled, according to 
the requirements of the organization. The CDB maintains a 
concept of user privileges, so that the administrator can 
determine each user's level of access. For example, some 
users can only obtain information from the CDB, ‘others are 
able to add data, etc. 


Other aspects of data base uSage are controlled by built-in 
validation facilities. For example, a LOKI user iS pre- 
vented from using a schematic symbol that is invalid for the 
component to be used in the SPRIG PCB layout. 


Version control may be applied to each component in the data 
base. This facility enables the user to store information 
related to outdated or experimental versions of a component 
within the same data base as the information for current 
versions. 
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Figure 30. CDB Display Techniques 


Figure 31. Symbol Development 
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The administrator can produce various types of reports, any 
of which may be created for the corporate data base ora 
project or user data base. These reports include: | 


e a listing of all the components in that data base (in- 
i ie each version, if the component has more than 
one 3 | 


e a report on the electrical/logical descriptions of each 
component 


® areport summarizing the physical descriptions of the 
components in the data base. 


Figure 32 illustrates a sample of a CDB component report. 
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REE REI EE SAAT I a EI EI EI ERE IOI EG I OTL CLE DO NTE SEES I CE EES I PEDO REL REEL ENR IIE ELITE EAS SENG IE TEPID ADS LLG LIES TCE EDULIS TEETER ELLIO D LDL ESE SELENE LG AIDE DETE LEE LTE ELLIE END ILC SEL LEE LLL NENA 


PILE: CSCANV 


-O00511UFS 


-010F 


oO1UPA 


eO1UFJJ 


-OVUPP 


»01UK 


~O12MPDK 
- O1SUFK 


eO165UFA 


Figure 32. 
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CDB Component Report 
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SUPLCODE 


GPNTR 


AVGA 
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STD 8214 SYMBOL CAP, SPAN 600 


STD B214 SYMBCL CAP, SPAR 600 


SPAN 600 


SYSTEM DESCRIPTIONS 


43 


3.2 DESIGN VERIFICATION SYSTEM 


3.2.1 PURPOSE 


The Design Verification System (DVS) is used to evaluate 
logic design and to generate test data for PCBs. DVS ena- 
bles users to evaluate designs rapidly and efficiently, and 
reduces or eliminates the need for prototype boards. 


DVS can Simulate digital circuits with up to 32 000 gates. 
The DVS libraries include a wide variety of gate primitives 
with which the user can generate logic circuits, ranging 
from simple inverters, NANDsS, and NORs, to flip-flops and 
RAM/ROM memory elements. DVS performs its analysis in six 
logic states: zero, one, unknown, high impedance, rising, 
and falling. The designer is able to specify minimum and 
max imum delay values for PEise: and '‘'fall' logic 
transitions. : 


3.2.2 FUNCTIONS 


The designer can use DVS in four aspects of the design proc- 
ess: | 


e conceptual logic verification 
e completed design verification 
e fault simulation 

e logic documentation. 


At the initial design phase, the designer is able to check 
new or critical circuits by simulation, before they are 
incorporated into the total PCB design. At this early 
Stage, a circuit can be redesigned and components replaced 
without delay or capital investment. In addition, DVS pro- 
vides ‘worst-case’ timing simulation that enables the user 
to assess the circuit's ability to handle the specified pro- 
cessing rate. (This information cannot be directly assessed 
by testing a hardware prototype.) 


At the second phase of design verification, circuits are 
assembled and components identified to form the complete 
design. DVS is used to simulate the inputs received by the 
Circuit, and to monitor the resulting output responses to 
verify that the circuit meets design specifications. For 
design verification, accurate timing is essential. With 
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DVS, exact delays can be specified, and hazards and races 


are detected automatically. 


At the production level, DVS produces test patterns to 
detect faulty components and wiring. The user may create 
test data interactively, or generate test patterns automat- 
ically with DVS facilities. 


DVS aiso has a fault simulation mode that emulates potential 
faults and verifies that test data can detect them. Over 
1000 faults can be Simulated at ocne time due to a special 
parallel simulation technique designed for DVS. DVS detects 
and reports hazard (race) conditions, and provides reports 
of detected and undetected faults. (Figures 33 and 34 pro- 
vide samples of these reports.) 


Figure 33. 


Hazard Report 


oe 
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CRSERKEEKEKEE HAZARD FILE KEKEKEKEREEED 

TIME GATE TYPE NAME 

84726 NAND #376 U57-12 

94526 MNAND #1175 054-15 
347256 NAND #1769 UD9I-9 
356930 WAND #1191 055-10 
357036 NAND #2052 UDI-5 
357036 NAND #1200 U56-10 
357055 WAND #2089 UD9I-6 
697176 NAND #1769 UD9-9 
706850 NAND #71917 055-10 
706956 NAND #2052 UDI-5 
7069356 WAXD #1200 056-10 
70639375 NAND #2049 UDS9-6 
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DERE -VeCt=. ATGCATE <= FAULT 


1030 916 $1 OUTPUT SA1 DETECTED 
1030 O16 Clb OUTPUT SA1 DETECTED 
1030 O15 G15 OUTPUT SA1 DETECTED 
1036 C14 ou OUTPU™ SA1 DETECTED 
1030 313 Q13 OUTPUT SA1 DETECT2D 
1030 012 012 OUTPUT SA1 LETECTED 
1030 911 O11 CUTPUT SA1 DETECTED 
1630 310 G10 OUTPUT SA1 DETECTED 
1930 og C9 QUTPUT SA1 DET2CT2D 
1030 o8 98 OUTPUT SA1 LET2ACT2D 
1030 | U7 O7 CUTPUT SA1 TETESCT=D 
1030 06 Ob OUTPUT SA1 DETECTED 


UNDETECTED FAULTS: 


D16 CUTPUT SA1 
DIS : OUTPUT SA1 
p14 QUIPUT SA1 
D13 OUTPUT SA1 
D12 CUTPUT SAI 
D11 OUTPUT SA1 
D10 OUTPUT SA1 
DI CUTPUT SA1 
D8 OUTPUT SA1 
D7 OUTPUT SA1 
Dt CUTPUT SA1 
DS — CUTPUT SAT 
D4 CUTPUT SA1 
D3 OUTPUT SA1 
D2 OUTPUT SAT 
D1 OUTPUT SA1 
CLOCK OUTPUT SA1 
CLCCK OUTPUT SAO 
D17 QCUTPUT SAI 
SO OUTPUT SAO 
SO OUTPUT SAI 


TCTAL NUMEER OF FAULTS SIMULATED = 172 4 STATE 
NUMBER OF FAULTS DETECTED — = W3 ( 83% 
NUMBEk DXOPPED FRCM SIMULATION = O { O%) 
NUMBin CF FAULTS UNDEFIECTED = 29 ( 16%) 


Figure 34. Fault Report 
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DVS adds valuable information to the design documentation 
through signal state tables and waveforms. Figures 35 and 
36 illustrate typical examples of these outputs. The wave-. 
forms can be displayed on the graphics screen or output to a 
plotter. 


G8... 

G7.. 

G6. a AIA Soci tecicaie et ern OS Fe nee Need NEE er ERNE ae 
Coe ee ee tele te SE en 0, 0,062, 0.06, CR eae eee 
G4.. a ae 
C3 ax ee ae Tee eee STE NNEAD 0, (0,0, ener am ta OA eat ee a ae ES Cee Oe 
G2.. eR ra ee a aaa 
Giles PR i aN ee ee 
| 0 aU 100 150 

Noainal-delay Analysis 

G8 $$ 0000000OOOOOQOOOOOOOOOOOOOOOOOOKK KIN 
G7 COO i 
G6 ie aS, eee OEE RTS Ee et 
G5 000000000 0000OQQOOOQOQOO_ 
G4 — ————__onmeomnennnnnnnnnog__ 
G3 sa a 
- Ne en rare meer ane 
Gi.. a RR eRe ede eT Or NE Ro eS 
= Q 90 1Q0 Lou 


_ Worst-case Analysis 
Figure 35. Signal Waveforms 
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The signal state tables can be viewed at the terminal or 
printed for subsequent study. : 


TIME SwI SWI SWI 
CLOoc $1 $0 QCUT 
K 

* vO , 0 XXKXX XXXX XXXX XXX 
200 ---1 0 0 XXXX XXXX XXXX XXXX 
258 -=--1 0 0 OXXX XKXX XXXX XXXO 
260 ---1 0 0 0000 0000 0000 9000 
400 0 ~--1 0 0000 00900 0000 000 
600 ---1 ---1 0 0000 0000 0000 0000 
670 =--1 ---1 0 1000 0000 0000 0001 
6730 -==1 ---1 171170611170 =«1111«11297 
sud 0 —--10 --=1006-199700«2099700«2299700=«2:11 
ee ee 
900. 9 ——=10 =-=1006«2999700«1997202«2'T777~ 3:20: 
lO ee ee ee i 
ud ——-10 ---100-199700«2199700«19970=«21::11 
1905 0 —--10 ---1006-999700«-9499700«19117—«1:110 
1 ot ee ee ee i i 1h 1 
1100 0 ---10 =--100«-117171700«-1197/0«1111~=—=—«1:110 
1110 30 —--10 --=700«:199700« «199720 «19972-«:109 
1150 9 ---10 -H-1 0 ---700 «199100«194722=«2712:997~—«1:109 
1200 9 —--10 ---100«-499700«4191100«11117—«1:109 
1210 O ---10 ---1 «1111 «1111 =«1111+=«1000 
1250 ---10 ---10 --=100«-119100«217172=2«1111~)—«:1000 
1300 Oo ---1) ---1 1111 «1111 «1111+ =«1000 
1310 09 ---1 ---1 0 1111) «-1117)0«-1111+—-«-0900 
1350 0 ---40 me-2 ---100«211970 -1991°=0«21111 0 9000 
lauu 0 --=10 ---1 #1114 1111 «11911 «0900 
141c0 OO ---1) ---1 1111 1111 «1110 «9000 
W500 ---10 ---10 ---100=«1191702«21971+=2=«21118 ~~) «9000 
1s0c 80g ---1 ---1 1117 1111 «+1110 9960 
S15 ---1 ---1 1111 «+1111 «1100 0009 
1550 0 ---10 --=10 --=100«-1117=2 «11772-1100 += 0000 
odd =~ ---1  ---1 1111 «11117 «1100 «909009 
1610 9 ---1 ---1 1111 #1111 «+1000 0009 
1050 9 ---10 ---10 =---100«-1111750«- 1111-1006 )=—9000 
1700 ©3960 ---1 ---1 1111 #1111 «+1006 0000 
1710 0 ---} ---1 1111 #1111 OGOO 0009 
1780 0 ---100 ---100 ---100«-1111=2« 17171 «009C ~=0000 
1340 0 ---1 ---1 11117 «1111 «O00C 0909 


Figure 36. Signal State Table 
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In the process of circuit Simulation, the circuit designer 
provides DVS with three types of information. The first is 
the circuit description, which can be specified through 
interactive functions, or by the LOKI design file. In the 
latter case, DVS takes the circuit layout and the component 
information from the LOKI design file, as shown in Figure 
37. 


If a LOKI design file is not available, DVS provides another 
method of avoiding the time-consuming process of deScribing 
the circuit at gate level. DVS contains libraries of cir- 
cuit descriptions for commonly-used components, which can be. 
easily accessed by the designer. 


The second type of information produced by the deSigner is a 
set of stimulus vectors to 'drive' the circuit. The circuit 
is tested by applying a defined sequence of input pulses. 
DVS provides several methods of generating these test pat- 
terns, both interactive and automatic. 


The final type of information provided by the designer is 
Specifications to control the simulation and define the out-. 
puts required. DVS provides interactive functions that can 
be used to define the signals to be displayed and the time 
range involved. Other functions enable the designer to 
pre-set gates, access the libraries of circuit descriptions, 
Specify and manipulate gate delay spreads, and interrupt the 
Simulation process. The designer can store the status of 
the simulation process at any time and resume processing in 
a subsequent terminal session, 
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4, SYSTEM REQUIREMENTS 


4.1 CONFIGURATION 


4.1.1 BASIC REQUIREMENTS 


The minimum machine requirements for CBDS are: 
e IBM 4331 Model Kll, 370/148 Model K, or IBM 3031 


@ Two IBM 3370 Model Al direct access storage devices or 
equivalent 


e One 9-Track Tape Drive 1600 bpi or greater (an 800 bpi 
option may be required to drive some photoplotters) 


e One 3277 Model 2 Display Station with program function. 
keys and the IBM 3277 Graphics Attachment RPQ 7H0284 © 
(this includes the joystick attachment) 

® one storage display monitor, such as the Tektronix* 618 

e One 3274 Display Control Unit 


@ One IBM 3262 Model 1 Line Printer or equivalent. 


4.1.2 ADDITIONAL CAPACITY 


CBDS is designed to be incrementally expandable. Additional 
workstations, direct access storage devices, memory, or CPU 
power may be added as desired. 


Plotter 


A plotter is recommended for hard-copy output, such as sche- 
matics from the Schematic Layout system, and artwork check 
piots from the Physical Layout or Manufacturing Data Gener- 
ation systems. Signal waveforms produced with the Design 


* Registered Trademark of Tektronix Corporation 
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Verification System can also require hard-copy plotting. 
Direct support is provided for CalComp* model 960 (with 906 
controller). 


Digitizer 


An organization that wishes to convert manual PCB layouts 
inte CBDS design files can use a digitizing table to capture 
the existing physical data for the Physical Layout system. 
The current implementation of CBDS supports CalComp 9000 
series* digitizers. 


Photoplotter 


Photoplotter output from CBDS is provided in three formats: 


@ ANSI /IPC-D-350B as approved by the American National 
Standards Institute and the Institute for Interconnect- 
ing and Packaging Electronic Circuits 


e Gerber** format, conforming to EIA standard RS-274-C. 


Paper Tape 


Paper Tape output generated by CBDS is compatible with the 
REMEX+ paper tape punch. Drill tape output is according to 
the format described by Advance Controis Corporation in the 
Trudril++ Programming manual document number CSM0023. The 
tape code 1s EIA standard RS-2440. 


* Registered Trademark of California Computer Products, Inc. 
** Gerber Inc. 

+ REMEX Ltd. | 

++ Advanced Controls Corporation (a Subsidiary of Cooper 
Industries) | | 
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4.2 PROGRAMMING CONSIDERATIONS 


The CBDS programs are written in FORTRAN H Extended and IBM 
Assembler language. They were designed and tested in the 
following VM/370 CMS environments: 


® VM/370 Release 6 with BSEPP 
® VM/SP Release 1.1. 


The following components are required for the system's oper- 
ation; 


1. FORTRAN IV (5734-LM3) 


optionally, the FORTRAN H Extended and Enhanced MOD II 
Library (5796-PKR) may be added. 


2. IBM 3277 Graphics Attachment Support Programming for 
PRPQ P09013 (5799-AXx). 


Subsequent versions or releases of the above IBM program 
offerings may affect the functioning of the CBDS programs. 


4.3 CAPACITY 


Table 2 provides a rough eStimate of the number of users 
handled by various computers and memory capacities. (In all 
cases, the number of users may vary depending on the nature 
of the work being performed. ) 


Table 2: User Capacity 


IBM 4331 Group 11 (2M bytes) 2 

IBM 4331 Group 2 (4M bytes) 4 

IBM 4341 Group 1 or 10 {4M bytes) 4- 
6 


6 
IBM 4341 Group 11 (8M bytes) -§ 
IBM 4341 Group 2 (8M bytes) 8-10 
IBM 4341 Group 2 (16M bytes) 16-20 
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5. DATA MANAGEMENT 


5.1 INTRODUCTION 


The management of data within CBNDS involves two basic types 
of information: component data and design data. 


Component data 1S centrally controlled and coordinated 
through the Component Data Base (CDB) of the Circuit Pack 
System (CPS). 


Design data, which is the documentation of each PCB design 
created with CBDS, iS maintained in the form of a design 
file. 
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Figure 38. Component Data Management 


CBDS General Information Manual 


DVS 


Logic 
Simulation 


Manufacturing 
Data Generation 
Photoplots 


Stocklists 
NC Drill Tapes 


5.2 COMPONENT DATA MANAGEMENT 


5.2.1 COMPONENT DATA BASE 


Component data, which includes symbol graphics as well as 
physical and electrical component descriptions, is centrally 
created and controlled with the CDB. From the CDB, symbol 
and component data is available to all the other systems of 
CPS, and the facilities of DVS that require component data. 
Figure 38 illustrates the access to CDB data required by 
CBDS modules. 


The CDB combines a flexible data base structure with rigid 
data control facilities in an eaSy-to-maintain environment: 


e the CDB can be divided into corporate, project, and user 
data bases, depending on the requirements of the organ- 
ization, in order to facilitate rapid access to informa- 
tion 


© the CDB provides version control facilities that enable 
Simultaneous availability of out-dated, current, and 
experimental versions of a single component 


e access to the CDB control facilities can be carefully 
monitored through the asSignment of user priority levels 


e the starter libraries provided with CBDS (approximately 
1500 commonly-used symbols and components) can be easily 
added to, or modified, with the interactive CDB control 
facilities 


® built-in verification features ensure that user-defined 
Gata validation rules are maintained 


® the CDB provides facilities that enable the repetitive 
tasks of data base management to be performed automat- 
ically 


e report production features can be used to provide compo-. 
nent information for system users. 


Special CDB functions are provided for application program- 
mers who are developing software to access the CDB. These 
functions are particularly useful during the creation of 
user-defined systems tailored to interface with CBDS, or 
during modification of a CBDS system for a special user 
application. 
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Figure 39, CBDS Design File 
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5.3 DESIGN DATA MANAGEMENT 


5.3.1 INTRODUCTION 


The basis of design data management in CDBS is the documen- 
tation of each PCB in a design file. The design file is the 
primary method of communication among the CBDS sub-systems, 
and provides the basis for the internal data base of each 
CPS module. 


5.3.2 DESIGN FILE 


The design file concept provides a fundamental method of 
passing PCB design information among the CBDS modular func- 
tions. Due to its computer-independent structure and con- 
tent, the design file provides a software-independent format 
for the transfer of design data both within and outside 
CBDS. 


Within CBDS, each function automatically extracts the data 
it requires from the design file and formats it into an 
internal data base that best suits itS purpose in terms of 
optimization and efficiency. 


Similarly, the Schematic Layout and Physical Layout systems 
convert the information they create into the design file 
format for subseguent transfer to other modules. Figure 39 
illustrates the basic content of the design file and the 
portions of the file used and created by each CBDS module. 


New user-desSigned modules, or interfaces with related sys- 
tems, can be designed with similar techniques to take advan- 
tage of the design file's independent format. 


5.3.3 MODULAR DATA BASES 


Each CPS module (Schematic Layout, Physical Layout, and Man- 
ufacturing Data Generation) creates an internal base for its 
aspect of the PCB design. These internal data bases, which 
are generally referred to as work files, are based on infor- 
mation taken from the design file, and are added to by each 
system. (For example, the Physicai Layout work file is 
based on the design file from the Schematic Layout module, 
and automatically accummlates the data created during PCB 
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layout). When the function of the system is completed, the 
information in the work file is converted back to design. 
file format and passed to the next CPS system. 


A special system of work file back-up is provided to protect 
against loss of data. This capability, which is common to 
all the CPS modules, ensures that the user can control the 
storage of work files and is able to retrieve a back-up copy 
of the data base if necessary. 


5.3.4 DATA FILES 


In addition to the design file and work files, each CBDS 
module produces (or cues! several data files, which have a 
variety of functions. Some data files may be input toa 
module aS a rapid method of data entry. Other files are 
produced by the module as control or audit methods. Some 
are report files, and others (such as the Manufacturing Data 
Generation output files) provide an interface with pro- 
duction systems. 
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